66 outbreaks by transferring pathogenic traits such as virulence genes and the ability to form 67 biofilms (Hiller et al. 2010) . While the study of HGT has progressed for some environments, 68 such as wastewater treatment plants, studies to track and quantify rates and drivers of HGT have
69 not yet been conducted in clinical environments where pathogens are most problematic.
70
The purpose of this review is to explore how the three primary mechanisms of horizontal 75 Conversely, the frequency of gene transfer by transduction or by natural transformation is poorly 76 characterized. Although these two mechanisms are presumed to have less of a role than 77 conjugation, transduction and natural transformation cannot be overlooked because these 78 mechanisms of HGT can transfer both plasmids and chromosomally-encoded ARGs.
79
Importantly, the World Health Organization published its first ever list of antibiotic 80 resistant "priority pathogens" in 2017 (Tacconelli and Magrini 2017). The list is composed of 81 eleven species and one group of bacteria considered to pose the greatest threat to human health 82 because of the severity of diseases they cause and the loss of effective antibiotics to treat them.
83 Eight of these species can engage in DNA uptake through natural competence, while the three 84 types of Enterobacteriaceae on the list are predicted to be naturally competent in nature (Table 1) 85 (Cameron and Redfield 2006 (Table 1) .
298
The molecular mechanisms of natural competence and transformation have been studied 326 enzymatic destruction or modification of an antibiotic, increased efflux or reduced influx, or 327 modification of the drug target to prevent interference of essential cellular functions. These AR 328 mechanisms can be encoded by accessory genes that are not required in normal cellular 329 metabolism and physiology. In other words, many ARGs function as gene cassettes, which likely 330 evolved to facilitate "plug-and-play" functionality after acquisition by an antibiotic sensitive 331 organism. AR can also be achieved through modification of core genes; for example, mutations D r a f t 332 in ribosomal genes can reduce antibiotic interference with essential translation functions, and 333 modifications to the expression of pores in a cell envelope can reduce antibiotic entry into a cell.
334
The three primary mechanisms of HGT each have distinct features that favour the 335 transfer of certain genetic loci. Conjugation is dedicated to the transfer of plasmids, thus plays a 336 fundamental role in the dissemination of plasmid-borne ARGs. As discussed above, plasmids can 337 also transfer through transduction, and natural competence can take up extracellular plasmids.
338 Nevertheless, plasmid transfer by either of these mechanisms is likely to be rare compared to 339 conjugation. Many clinically-relevant forms of resistance are carried on plasmids, owing to the 340 shared benefits for both an ARG and its host plasmid: the ARG gains mobility through a 341 bacterial community while the plasmid gains persistence by providing a selective benefit to host 342 cells.
343
After a plasmid arrives in a new host cell, plasmid-borne transposable elements can 
